We have determined the herpes simplex virus (HSV) type 2 DNA sequences responsible for the initiation of morphological transformation and have investigated the retention and expression of these sequences in morphologically transformed cells and in tumours derived from these cells. All the transformed cells analysed were selected by a focus formation assay and are oncogenic in the inbred host rat. Cloned HindIII and BglII fragments from the HSV-2 genome were assayed for the ability to initiate morphological transformation of rat embryo cells. Only the HindIII a (map units 0.52 to 0-72) and the BgllI n (0'582 to 0.612) clones gave transformed foci. This shows that the BglII n region is responsible for initiation of transformation. Southern blot analysis of DNA extracted from these transformed cells and from turnouts derived from these transformed cells revealed that neither the BgllI n fragment nor fragments of 500 bp mapping within it are detected at the level of one copy per cell and therefore need not be retained in the cell to maintain the oncogenic phenotype. In addition there was no evidence of expression of the HSV-specified ribonucleotide reductase activity which is partially encoded within the BglII n fragment of HSV-2. We also analysed DNA from rat embryo cells transformed by ts mutants of HSV-2 (HG52) or HSV-1 (HFEM or 17) at non-permissive temperature or by virus at supraoptimal temperature or by sheared virus DNA and DNA from tumours derived from lines of these transformed cells. In addition, we cloned both transformed and tumour cell lines and analysed these similarly. In no case could we detect HSV DNA sequences at the level of one copy per cell.
INTRODUCTION
Herpes simplex virus (HSV) types 1 and 2 have been shown to transform rodent embryo cells in a morphological focus assay to an oncogenic phenotype (Duff & Rapp, 1971 , 1973 Darai & Munk, 1973 Macnab, 1974 Macnab, , 1975 Macnab, , 1979 Wilkie et al., L974; Boyd et al., 1975 , Cameron, 1982 . Separated fragments of the HSV-2 genome have been transfected to determine which regions are responsible for the initiation of the focus-forming event (Reyes et at., 1979) , and an HSV-2 fragment mapping from 0.582 to 0-612 map units has been shown to initiate transformation (Galloway & McDougall, 1981) . A further region, BglII c, which causes transformation of Syrian hamster cells by conversion to longevity has been described by Jariwalla et al. (1980 Jariwalla et al. ( , 1983 .
The last three groups of authors initially reported the retention of HSV DNA sequences in transformed cells. We initially reported (Cameron & Macnab, 1980; Macnab & McDougall,I .R. CAMERON AND OTHERS our studies did not enable us to agree that these DNA sequences which could initiate a transforming event were retained at the level of one copy in each transformed cell.
In view of this problem, we tested the biological activity of the fragments by marker rescue (Stow & Wilkie, 1978) , confirmed that the fragments were effectively transfected by assaying for HSV gene products and defined those parameters affecting the maximal efficiency of transfection (Cameron et al., 1983) in rat embryo cells. In addition, we monitored those sequences of HSV DNA retained in rat cells transformed by virus or sheared DNA as a control of our BglII n-transformed cells.
By hybrid-arrested translation three transcripts are detected within the BglII n region of HSV-2 333 (Galloway et al., 1982) and two transcripts coding for polypeptides of 140K and 38K are seen.
In 1983, Huszar & Bacchetti, relying on the mapping data of Dutia (1983) and the hybridarrested translation data of Galloway et al. (1982) , suggested that the HSV-coded enzyme ribonucleotide reductase may have a central role in the transformation of cells. This in turn leads to the suggestion that ribonucleotide reductase is the transforming protein of HSV-2 and that the activity of the enzyme is mutagenic (Huszar & Bacchetti, 1983) .
In this paper we determine, using cloned probes, which region of the HSV-2 genome is responsible for the initiation of morphological transformation of Hooded Lister rat embryo cells and whether DNA from this region is retained in transformed cells. We also ask the question whether a gene product encoded in part by this HSV-2 sequence, ribonucleotide reductase, is expressed in the transformed cells and whether such a gene product directs the transformed state.
In addition, we have examined which, if any, HSV DNA sequences are retained in 69 HSVtransformed cell lines, derived tumours and tumour cell lines after rat embryo cells had been transformed by HSV-1 or HSV-2 ts mutants at non-permissive temperatures (NPT), by virus at supraoptimal temperatures or by sheared viral DNA (Macnab, 1974 (Macnab, , 1975 (Macnab, , 1979 Wilkie et al., 1974; B~iiiltjens & Macnab, 1981 ; Park et aL, 1980; Cameron, 1982; .
METHODS
Rats. Hooded Lister rats of a closed colony have been maintained in this laboratory by brother/sister matings for over 16 years. Spontaneous tumours have never been seen in this colony.
Cells. Rat embryo cells were prepared from 17-to 20-day-old embryos as described previously (Macnab, 1974) . Translbrmed cell lines. A total of 69 rat embryo transformed cell lines were examined by Southern blot analysis. The name given to the cell line in parentheses follows its description. The cell lines were transformed as follows. (1, 2) The Bglll n clone transfected into rat embryo cells (Bn3 and Bn5). (3) HSV strain 17 tsA syn + at NPT [REA syn+C (Bfi~iltjens & Macnab, 1981) ]. (4, 5) The sheared DNA of HSV-I strain HFEM ~ [RE ~ and RE2A, two unrelated cell lines (Wilkie et al., 1974; J. C. M. Macnab, unpub[ished results; ]. (6) HSV-2 strain HG52 at supraoptimal temperature [ICTI (Cameron, 1982) ]. (7) HSV-2 strain HG52 ts7 at NPT IRE7 (Macnab, 1974) ]. (8 to 35) HSV-2 strain HG52 tsl at NPT [REI (Macnab, 1974) ]; 12 clones selected in semi-solid agarose; 15 clones selected from liquid culture were derived from RE1 cells (Park, 1983) .
The following tumours were also analysed. (Macnah, 1979) . (41 to 43) Three tumours induced by the RT10 cell line T1, T2 and T3 (Park, 1983) .
The following cell lines were cultured from tumours. (44) RT10 cell line cultured from the RT10 tumour. (45 to 69) One cell line T3C cultured from the T3 turnout and from it 13 clones selected in semi-solid agar and 11 clones selected in Iiquid culture (Park, 1983) .
All cells were cultured in BHK21 medium (Gibco) supplemented by 10% (v/v) foetal calf serum, 2 mMglutamine, 100 p_g/ml streptomycin and 100 units/ml penicillin (Gibco).
TransJbrrnation assays. Transformation of rat embryo cells by separated and defined fragments of HSV was carried out by the calcium phosphate precipitation technique of Graham et al. (1973) [modified by Stow & Wilkie (1978) and further by Cameron et al. (1983) ] using DNA prepared from rat embryo cells or minced rat embryos as carrier DNA.
Essentially, each subconfluent culture in a 50 mm plastic culture dish was transfected with various amounts of virus DN A fragments or cloned plasmid DN A (0.4 ~tg to 2.0 p_g/dish) together with 10 ~tg carrier DNA. After 24 to IP: 54.70.40.11
On: Thu, 03 Jan 2019 03:20:04 HSV DNA sequences involved in transformation 519 48 h the cells were trypsinized and seeded at densities varying from 2 x 104 to 5 x 104 cells per 50 mm dish and maintained in Eagle's medium supplemented with 2 to 5~ foetal calf serum.
Cloning oftransJbrmed cells. Liquid clones were grown by seeding 5 x 10 z cells into 50 mm dishes, encircling these with a stainless steel cloning ring, trypsinizing the cells that formed colonies and culturing these cells into continuous cell lines.
Agar clones were selected by the method previously described (Macnab, 1972 Recombinant plasmids containing inserts of HSV-1 and HSV-2. HindIII clones were generated in the vector pAT 153 by Davison & Wilkie (1983) . BglII clones were generated in the Institute of Virology by A. J. Easton and I. R. Cameron (unpublished results) .
BamHI e and t clones were generated by McLauchlan & Clements (1983) . BamHI a cloned into the BamHI site of pBR322 was the gift of Dr A. C. Minson.
Plasmid propagation and purification were essentially as described by Davison & Wilkie (1983) . Subfragments of the above clones were isolated by the authors after excision from vectors and purification by two cycles of agarose gel electrophoresis. The biological activity of the cloned HSV DNA fragments was tested by marker rescue experiments by the method previously described by Stow & Wilkie (1978) .
Preparation of cell and tumour DNAs. Cell and tissue DNA was prepared as previously described (Varmus & Bishop, 1973; . Essentially, total cell and tumour DNAs were extracted in 0.4°(, SDS, 0.05 MTris-HCl pH 8,0, 0.01 M-EDTA, 0.1 M-NaC1, treated with 200 rtg/ml proteinase K, extracted with phenol and chloroform, treated with RNase (100 ~tg/ml), dialysed extensively against 0.1 x SSC (1 × SSC is 0-15 M-NaCI, 0.015 M-sodium citrate) and ethanol-precipitated.
Preparation of virus DNA. Virus DNA was prepared as described by Wilkie (1973) . Southern blot hybridization. The method utilized has been described previously . The conventional method using the blotting and DNA/DNA hybridization technique of Southern (1975) was used. Essentially, high molecular weight DNA extracted from tumours or cells was digested with an excess of restriction endonuclease, the products of digestion separated by electrophoresis through 0.6~ agarose gels and transferred to nitrocellulose or Biodyne (Pall) membrane filters. (Rigby et al., 1977) to specific activities of 5 × 107 to 4 × 108 c.p.m./~tg DNA. Probes, denatured by alkali and heat, were hybridized for 20 h at 72 °C in 3 × SSC, 0.5~ SDS, 50 p.g/ml denatured salmon sperm DNA, 0.02Vo Ficoll, 0.02~ polyvinylpyrrolidone, 0.02~ bovine serum albumin, and 1~ dextran sulphate. The filters were cleaned by decreasing stepwise washes of 3 × SSC to 0.2 × SSC containing 0.1 ~ SDS and 10 mM-pyrophosphate at 72 °C. Air-dried filters were exposed for autoradiography with Dupont Intensifying Screens and X-Omat (Kodak) film for 1 to 14 days at -70°C.
HSV-I and HSV-2 fragments were labelled in vitro with [~-32p]dCTP and [~-3-'P]dGTP by nick translation
Ribonucleotide reductase assays. Cell lines, grown to 90~o confluency in 800 ml flasks, were infected with HSV-1 strain 17 or HSV-1 17 tsG or mock-infected for 6 h at 39.5 °C or 15 h at 31 °C. Ribonucleotide reductase assays were carried out on crude cell extracts as previously described (Dutia, 1983; Preston et al., 1984) .
RESULTS

Transformation of rat embryo cells by transfection experiments using separated,fragments of HSV-2 DNA
Separated fragments from XbaI and EcoRI restriction endonuclease digests of HSV-2 DNA were transfected into rat embryo cells and screened for the formation of morphologically transformed foci as previously described (Macnab, 1974; Wilkie et al., 1974) . The XbaI a fragment and the Eeo RI a fragments consistently gave the highest numbers of transformed foci. Smaller numbers of colonies were seen with other fragments, e.g. XbaIj. This may have been the result of contamination of restriction fragments as is seen when fragments of small size are purified from agarose gels. However, the results suggested that the region of the genome between 0.447 and 0-636 map units was responsible for the initiation of morphologically transformed foci (data not shown).
Recombinant plasmids containing the HindIII clones of HSV-2 HG52 inserted into the Barn HI site of pAT 153 (Davison & Wilkie, 1983) were also used in transfection assays. Only one recombinant clone, containing the HindIII a insert (0.52 to 0-72 map units), gave morphologically transformed foci. Five replicate experiments gave 18 foci. The HindIII a fragment was then digested by BglII and after purification the n fragment was cloned into the BamHI site of pAT153. On transfection, the BglII n clone generated 20 foci from four replicate experiments. The HpaI e/EcoRI a region (separated, after electrophoresis in 1 agarose gels) which overlaps the HindIII a region gave two foci but no other fragments gave any transformed foci. Foci from cells morphologically transformed by HSV-2 fragments were isolated by stainless steel cloning rings, trypsinized and passaged into transformed cell lines.
Oncogenicitv of the BglH n-transformed cells
Bn5, a cell line transformed by the BglII n fragment of HSV-2, was used as a model of oncogenicity. Cells (1 × 106) at passage 8 were injected into newborn rats and tumours arose in 13 out of 16 rats 8 to 12 months after injection. The latent period is similar to that described previously for tumours arising in our inbred population of Hooded Lister rats (Macnab, 1979) .
Extracts of both the tumours initially and of trypsinized cells from established tumour cells in culture (1 × 10 ~ cells/rat) formed tumours in 100~o of newborn rats (45/45) within 1 to 2 weeks. Further passage of these tumour cells in vivo resulted in cells of increasing oncogenicity, i.e. smaller amounts of cells formed tumours within I to 2 weeks after infection.
HSV-2 DNA detectable in total DNA extracted from cells transformed by the BglH n fragment and from tumours induced by these transformed cells in rats
To determine the amount of HSV-2 DNA necessary to maintain the oncogenic transformed phenotype of the rat cells, we extracted DNA from two different cell lines, Bn3 and Bn5, transformed by BgllI n. In addition, we extracted DNA from (i) T1 Bn5T, a tumour induced by the inoculation of Bn5 cells, (ii) Bn5T, a cell line derived from this tumour and (iii, iv) T2 Bn5T and T3 Bn5T, two tumours derived from in vivo passage of the initial T1 Bn5T tumour cells. We had thus, in total, DNA extracted from two transformed cell lines, one tumour cell line and three tumours. These DNAs were digested with the enzymes HindIII, BglII, BamHI and XhoI, the fragments separated on agarose gels and transferred to nitrocellulose and probed (see Methods) with the HindIII a and BgIII n cloned fragments and also with subclones from the BglII n region of the HSV-2 genome BamHI a, t and e (see Fig. I ). Reconstruction analysis showed that our These lines (Bastow et al., 1980) contain 1 to 2 copies and 3 to 4 copies respectively of an HSV-2 DNA sequence (0.27 to 0.32 map units) partially represented within the HindllI h probe (0.29 to 0.40 map units). No specific hybridization was seen to the RE l, TI, T2, T3, T3C or RT10 tracks. The band seen in the T3C track is the result of non-specific hybridization of host DNA to vector DNA sequences and is easily recognized because each clone will hybridize to this band. Such non-specific hybridization can result even after viral sequences have been purified from vector sequences by two rounds of purification in agarose gels. 521 2.9 2.8 cloned p r o b e s (e.g. B a m H I t, o f size 4.4 kb) could clearly detect a f r a g m e n t of size 1 kb at one copy per cell usually after an o v e r n i g h t exposure. A smaller probe, e.g. an X h o I f r a g m e n t of B a m H I t ( X h o I cuts B a m H I t to give two f r a g m e n t s of 2.4 kb a n d 2-0 kb) could easily detect 500 bp at one copy per cell. Smaller f r a g m e n t s could be d e t e c t e d on longer exposure but 300 to 500 bp was a p p r o x i m a t e l y the limit of resolution of our system. * Ribonucleotide reductase assays were carried out as previously described (Dutia, 1983) . Results are the average of two experiments.
Our results showed that when we detected the above HSV-2 fragments in reconstruction analysis we were unable to detect authentic HSV-2 hybridization to any HSV-2 DNA probe in our Southern analysis (Fig. 2a) at the level of one copy per cell of the fragment initiating morphological transformation.
Assays for ribonucleotide reductase activity
To investigate the hypothesis that ribonucleotide reductase activity of HSV-2 may be involved in transformation (Huszar & Bacchetti, 1983) we compared the ribonucleotide reductase activity in control rat embryo cells with that in two separate lines of rat embryo cells transformed with the HSV-2 BgllI n fragments, Bn3 and Bn5 cells (Table 1) . No difference in ribonucleotide reductase activity among these cell lines and control rat embryo cells was detected. Table 1 also shows the ribonucleotide reductase activity in these cell lines following infection with HSV-I strain 17. No difference either in the ability of the transformed cells to induce ribonucleotide reductase activity or in the amounts of activity induced was revealed. These results suggest that the transformed cells are not expressing ribonucleotide reductase activity.
Detection of HSV DNA sequences in cells transformed by sheared DNA of HSV-1 and HSV-2,
ts virus or virus at supraoptimal temperature The retention of HSV-2 DNA sequences in rat embryo cells which had been morphologically transformed by the entire HSV genome was then investigated. Total DNA was extracted from cell lines and tumours as listed in Methods and DNAs were digested with restriction endonucleases HindlII, BgllI, BamHI and in some instances XhoI, electrophoresed in 0.6~ agarose gels, transferred to filters and probed with radiolabelled nick-translated DNA from clones ( Fig. 1) representing at least 70~o of the HSV-2 genome and 30~ of the HSV-1 genome (Park, 1983) . In particular, cloned probes ( Fig. 1) were selected which covered the genome regions implicated in morphological transformation by HSV-1 (MTRI: Camacho & Spear, 1978; Reyes et al., 1979) , by HSV-2 (MTRII: Reyes et al., 1979; Cameron & Macnab, 1980; Galloway & McDougall, 1981) and by HSV-2 BgllI c (Jariwalla et al., 1980 (Jariwalla et al., , 1983 . We also used probes detecting those regions of the genome reported to be expressed in transformed or tumour cells or human genital tumours whose aetiology is associated with HSV, e.g. HSV-specific thymidine kinase , the HSV major DNA-binding protein (Adam et al., 1981) and DNA sequences representing MTRII Macnab et al., 1985) .
Homology was detected in Southern analysis between cellular DNA and HSV DNA as already described (Peden et al., 1982; Puga et al., 1982; Park, 1983; . Two clones of REl-transformed ceils (passage 5) showed a low level of apparently specific hybridization to the BgllI n fragment of HSV-2. However, DNA prepared from later passages (17 to 20) of these clones no longer hybridized with the BgllI n probe, suggesting that HSV-2 DNA from this region may be lost on passage in culture.
Our results show that, although specific viral sequences may be implicated in initiating morphological focus formation and that the resultant transformed cell lines are tumourigenic, forming invasive and metastatic tumours (Macnab, 1979; Bfifiltjens & Macnab, 1981) , we have no evidence of the retention of specific HSV DNA sequences present at one copy per cell being required to maintain the oncogenically transformed state. DISCUSSION We have transfected cloned DNA fragments of the HSV-2 strain HG52 genome into secondary rat embryo cells derived from highly inbred Hooded Lister rats and determined those DNA sequences responsible for the initiation of morphological transformation. The results we obtained are in general agreement with two other groups, Reyes et al. (1979) and Galloway & McDougall (1981) . Both these groups used HSV-2 strain 333 and, in contrast to our findings, were able to demonstrate the retention of HSV-2 DNA in transformed 3T3 or Wistar rat embryo cells and in derived tumour cells. We are unable to show retention of the HSV DNA sequences necessary to cause the initiation of transformation at the level of one copy per cell within the limits of our detection assay (Fig. 2a) . In reconstruction analysis we can, however, detect 1 kb of HSV-2 DNA at one copy per cell after overnight exposure. We also easily detected the HSV-2 DNA sequences present in DNA extracted from D23 and Dz5 cells (Bastow et al., 1980) transformed by selection for the thymidine kinase activity of HSV and present at one to two and three to four copies per cell respectively (Fig. 2 b) . Of interest are our findings from other studies that three out of 17 genital tumours retain HSV DNA sequences Macnab et al., 1985) from the same region of the HSV-2 DNA genome which we and others have identified as being able to initiate the morphological transformation of rodent cells in culture. In addition, in one tumour we have been able to identify HSV DNA where five restriction sites are colinear with sites in virion HSV-2 DNA . More recently, Galloway & McDougall (1983) have stated that in further transformation experiments using smaller fragments of the HSV-2 genome (i.e. smaller than BgllI n) they can show the retention in BgllI n-transformed cells of HSV DNA sequences but not necessarily those sequences from the 2-1 kb fragment (located within the left-hand portion of BgllI n) which initiate transformation. Although in our study we did not use fragments as small as 2.1 kb to initiate transformation we could easily detect by our Southern blot analysis HSV DNA sequences of this size present at one or 0.5 copies per cell.
Also in contrast to our results Jariwalla et al. (1980) have shown that the BgllI c fragment of HSV-2 can cause transformation and is maintained in transformed cells (Jariwalla et al., 1983) . These experiments differ from ours in two ways. Firstly, they assay the conversion to longevity of Syrian hamster embryo cells where we use a focus-forming assay in inbred Hooded Lister rat cells. Secondly, they use a different strain of virus, HSV-2 strain S. It is not clear whether these differences could account for the different results. In addition, we did not see transformation using DNA sequences mapping within the region that initiates transformation of hamster embryo cells by HSV-I strain F, i.e. Xbalfclone (0.30 to 0.45 map units) (Camacho & Spear, 1978) .
Our results from assays of HSV ribonucleotide reductive activity suggest that it is not present in our Bn3 and Bn5 cells (transformed by the BgllI n clone) and is therefore not required for the maintenance of morphological transformation. Although Huszar & Bacchetti (1983) suggest that ribonucleotide reductase is involved in transformation, we think that this is unlikely since upstream sequences coding for the N-terminal portion of the 140K polypeptide which is known to be involved in ribonucleotide reductase activity (Preston et al., 1984) are located by S1 mapping and DNA sequence analysis outside the BgllI n fragment (McLauchtan & Clements, 1983 ) required for transformation. This location also suggests that the protein is not involved in mutagenesis in our assay, We made numerous attempts to demonstrate a dose-response curve for transformation by either HSV or HSV DNA. Such a curve would illustrate one-hit kinetics (Stoker & Abel, 1962) . However, our efforts were not successful and this suggests to us that the method of transformation is complex and may be dependent upon promotional insertion.
We used the Southern transfer technique to analyse those HSV DNA sequences retained in cells transformed by non-replicating virus i.e. with ts mutants at NPT, sheared virus DNA or virus at supraoptimal temperature. We found that in DNA extracted from 69 different transformed and tumour cell lines or from tumours we were unable to detect any HSV-2 fragment at the level of one copy per cell. On two occasions we detected in transformed cell DNA of the RE1 cell line (transformed by HSV-2 HG52 tsl at NPT) a band which hybridized weakly to an HSV-2 BgllI n DNA fragment probe. However, when we grew these cells and extracted DNA from a higher passage (in the hope that we might be able to carry out multiple digests and characterize the hybridizing DNA insert with respect to colinear HSV-2 restriction sites) we were unable to detect hybridization to the BgllI n fragments. Presumably, this was because such HSV DNA sequences were lost on passage; a similar hypothesis has already been suggested by Minson et al. (1976) using in situ hybridization to detect HSV DNA.
In previous experiments we have detected HSV DNA sequences present in cells transformed by HSV-2 by superinfection of the transformed (RE1) cells with an intertypic ts mutant HSV-1 tsJ syn + at NPT. Restriction endonuclease analysis of DNA extracted from plaques generated gave DNA profiles of both a recombinant virus and also the virus originally used to transform the cells (Park et al., 1980) . Similarly, we detected HSV-1 DNA in rat cells transformed by HSV-1 HFEM ~. Presumably only a few cells continued to carry the total HSV genome and this genome was induced to replicate on superinfection and also able to take part in recombination with the superinfecting virus. Such inducible HSV DNA was not detected in our Southern blot analysis, indicating that it was likely to be present in only 1/10 of the cells or fewer. We also demonstrated that the total virus used to transform the cells (HSV-1 HFEM c0 was maintained when in vivo tumours from RE2A cells (transformed by HSV-1 HFEM c0 were injected with heterologous ts mutants (HSV-2 HG52 tsl), tissue fragments explanted onto a monolayer of HSV-2-permissive BHK C13 cells and the DNA of progeny virus plaques analysed .
In all these experiments there was clearly insufficient HSV DNA present to detect by the Southern transfer analysis we describe in this paper, although the clone of the RE1 cell line in which we did detect a band hybridizing to BgllI n was from the same RE1 line used in the initial superinfection studies which yielded plaques representative by DNA analysis of the transforming virus. It is not clear why only DNA sequences corresponding to the BgllI n fragment were present in detectable amounts by Southern analysis and not DNA from other regions of the genome (since the total genome was rescued on superinfection). These results suggest that the mechanism by which HSV is maintained in a persistent or latent form in transformed cells may be complex.
As mentioned in Results, we did detect hybridization of HSV DNA to cellular DNA sequences but this was easily recognizable as a similar size molecular weight band present in all the transformed and normal cell DNAs which were analysed. We could not rule out, however, the possibility that these cell sequences could amplify and rearrange in transformed cells causing complex cross-hybridization patterns, but under the stringent conditions of hybridization utilized in this study we did not appear to have problems in distinguishing such HSV-cell DNA hybridization.
Infection by HSV has been shown to induce endogenous C type viruses (Boyd et al., 1980 ) which may act as carcinogens or may, in their own right, be oncogenic RNA viruses. We used a specific highly inbred colony of Hooded Lister rats in which the cells cultured did not show endogenous C-type viruses (A. Bunce, J. C. M. Macnab & I. B. Pragnell, unpublished results) either after infection or transformation by HSV. We used as a positive control in these experiments a line of Sprague Dawley rat embryo cells transformed by HSV-2 strain Angelotti (Darai & Munk, 1976) and we specifically assayed for reverse transcriptase. Additionally, tests by electron microscopy and by the induction of cell fusion gave us negative results for the presence or induction of endogenous C-type viruses. Both 3T3 cells and rat embryo cells derived from different strains of rats (Rasheed et al., 1976) , e.g. Sprague Dawley rats, have high levels of endogenous C-type viruses readily detectable by reverse transcriptase assays. We, therefore, would not expect our results to be influenced by the induction of endogenous C-type viruses.
It is, of interest however, that all the transformed cell lines were oncogenic in rats and nude mice (Macnab, 1974 (Macnab, , 1975 (Macnab, , 1979 B(iiJltjens & Macnab, 1981; Park & Macnab, 19,~3) and that the tumours were highly invasive and metastatic (Macnab, 1979) . In other systems where DNA sequences of transforming viruses such as polyoma and simian virus 40 (SV40) are always retained, the transformed cells are frequently not tumourigenic and do not metastasize.
In conclusion our present results may be summarized to show that morphological transformation of rat embryo cells can be initiated by a 6.9 kb fragment (BglII n) of HSV-2. However, maintenance of the oncogenic transformed phenotype does not appear to be dependent on the retention of HSV-2 DNA sequences of 1 kb of this HSV-2 fragment or on the expression of the HSV-2-coded ribonucleotide reductase. In cells transformed by total virus or sheared DNA of HSV-1 or HSV-2 no specific HSV sequences appear to be retained.
Our results in the present study appear to be at conflict with our previous reports on the continuing expression of HSV information in HSV-transformed cells as detected by immunofluorescence studies (Macnab, 1974 (Macnab, , 1975 (Macnab, , 1979 Btiiiltjens & Macnab, 1981) . In these reports, we first used a rabbit anti-HSV-2 HG52 tsl antiserum and latterly, an HSV-2 antiserum prepared in Hooded Lister rats from Hooded Lister rat embryo cells infected with HSV-2 HG52. We now know that in this inbred Hooded Lister rat system, infection of cells with HSV induces cellular polypeptides (J. C. M. Macnab et al., unpublished results) which continue to be expressed in all our HSV-transformed cells but are not expressed similarly in rat embryo control cells. We thus conclude that our immunofluorescence studies on transformed cells could be detecting the cellular polypeptides which we have now identified and are studying.
Our levels of HSV DNA detection (300 to 500 bp) in transformed ceils however, do limit the interpretation of our results. One mechanism by which HSV may transform cells is by the insertion of an HSV promoter upstream from cellular DNA sequences, so altering either the transcription of sequences not normally transcribed (a cellular transforming gene: Hayward et at., 1981) or the level of transcription of sequences which are involved in growth control such as c-myc (Croce, 1984) . Although there is no clear evidence (present evidence is controversial) that up regulation of potential oncogene sequences or control sequences directly results in the transformation of normal cells to an oncogenic phenotype, there is a good argument to suggest that such up regulation may be important. It is possible that small fragments of HSV DNA such as a promoter may be inserted into cellular DNA and in this case could be as small as 100 bp (McKnight & Kingsbury, 1982; Everett, 1983) and not be detected by our Southern blot analysis. Additionally, such a promoter may only be required to initiate some cellular transcription event and may not then be continuously required. In such a case detection of this sequence would be purely fortuitous.
We can also postulate that a small HSV sequence may become integrated into cellular DNA as an enhancer sequence similar to the 72 bp repeat of SV40 (Benoist & Chambon, 1981) . Problems of detection would be presented with this model also and the event might also be one involving only transient integration.
These possibilities are intriguing and a further study to detect oncogenes acting in eis or to detect alterations in proteins involved in growth control may be a potentially useful way in which to pursue the problem of determining a role for HSV in oncogenic transformation.
